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(54) NONFOGGING AND STAIN PROOF GLASS ARTICLES 

(57) The present invention relates to An anti-logging 
and stain-prevented glass article having an alkali shut- 
off film and a fight catalyst film in the order laminated on 
the surface of glass substrate, in which dents and pro- 
jections having an arithmetical mean roughness (Ra) 
from 1.5 to 80nm and mean interval (Sm) of dents and 
projections from 4 to 300nm are formed thereon, and to 
An errtMbgging and stain-prevented glass article having 
an alkaf shut-off film, a light catalyst film, and a silicon 
oxide monocornponent equivalent layer or a layer of 
organosilane including at least one kind of functional 
group selected from polyalkyleneoxide group, alkyl 
group, alkenyi group and aryl group in its molecules or 
its hydroiyzed substance, laminated in the order on the 
surface of a glass article. 

The abovementioned anti-logging and stain-prevented 
glass article can be used for window glasses of automo- 
biles and buildings, and glasses, etc. 
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Description 

FIELD OF THE INVENTION 

5 The present invention relates to an ante-fogging and stain-prevented glass article, and in particular relates to an 

anti -fogging and stain-prevented sheet glass lor buildings, and an anti-logging and stain-prevented glass article used 
for glasses, mirrors, lenses, showcases, etc. 

BACKGROUND OF THE INVENTION 

10 

There has been a strong need for anti-fogging and stain-prevented glass plate mainly in the fields of automobiles 
and buildings since ever. In particular, as regards automobiles, it becomes an important theme to give anti-fogging and 
stain preventing properties to window glass in view of safe chiving. 

Conventionally, various Kinds of anti-fogging and stain preventing coatings have been studied with respect to glass 

is articles. For example, there are organic or inorganic thin film coating containing a surface-active agent (Japanese Laid- 
open Patent Publication No. 1 17202 of 1995. Method 1), hydrophilic polymer coating (Japanese Patent Publication No. 
1344292. Method 2) and organic/inorganic composite lilm coating containing a hydrophilic organic functional group 
(Japanese Laid-Open Patent Publication No. 220428-1994. Method 3). etc. 

Recently, anti-fogging and stain-prevented glass having a titanium oxide thin film, which acts as an optical catalyst. 

20 coated on its surface has been proposed (For example, "Ceramics" 31 . 637*840 (1996), puMtehed by Japan Ceramics 
Association Inc., Method 4). This utilizes that titanium oxide on the surface of glass absorbs ultra violet light, and the 
absorbed ultra violet light energy efficiently oxidizes and decomposes organic articles adsorbed on the glass surface, 
thereby causing a dean surface having a remarkably hydrophilicity to be obtained. 

Furthermore, the anti-fogging and stain-prevented glass having the abovementioned titanium oxide thin film coated 

25 on its glass surface is composed of inorganic substances and is excellent in the mechanism strength, wherein as far as 
light is given thereto once stains are adhered thereto, the surface can be purified again to cause a hydrophilic surface 
to be restored. If the surface sustains hydrophilicity. city type lipophilic black stains are hardly adhered, and furthermore 
if adhered stains are easily eliminated by precipitation of rain (For example, "Painting Technique* published by Riko 
Publishing Co.. Lid.. January. 1995. 94-99(1995). "Novel stain logging type paint" prepared by ToshiW Komatsusawa 

so and Toshikazu Nakaiye; "Painting Technique" 1996, October Special Issue. 95-102 (1995). "Contamination deteriora- 
tion and Contamination-resisting painting technique" (industrial Paint) prepared by Shoichi Tanaka). That is. the surface 
sustaining hydrophilicity has a self-cleaning property and such glass materials can be used as a stain preventing mate- 
rial. 

Although the abovementioned method 1 is excellent in the initial performance, there is such a problem where the 
35 service life is short since the surface -active agent is gradually consumed. Furthermore, the abovementioned method 2 
can not be applicable to glass for which a comparatively mechanical strength is required for automobiles and buildings 
although the same is an effective means in some cases. Furthermore, although method 3 is devised in order to meet 
the anti-fogging property and mechanical strength at the same time, the same has a limitation in both aspects. Still fur- 
thermore, in a case where stains are once adhered, there is such a problem where the anti-fogging property is remark- 
40 ably lowered. Furthermore, although method 4 has in principle some features which can not be achieved by the other 
methods, with this method, anti-fogging and stairv-pre/ented glass articles which can be used in practical aspects can 
not be achieved yet since the intensity of ultraviolet light in automobiles and buildings is very weak. 

It is therefore an object of the invention to provide an anti-fogging and stain-prevented glass article, having excellent 
long-term anti-fogging and stain preventing properties, which can be used for window glass of automobiles and build- 
45 ings, and for glasses. 

DISCLOSURE OF THE INVENTION 

The present invention provides an anti-fogging and stain-prevented glass article in which an alkai shut-off film and 
so an optica! catalyst are laminated on the surface of glass substrate in the order, wherein the glass article has dents and 
projections, the arithmetical mean roughness (Ra) of which ts 1.5 to 80nm. and the mean interval (Sm) of which is 4 to 
300nm, formed on the optical catalyst surface. 

The invention provides an anti-fogging and stain-prevented glass article in which an alkali shut-off film, an optical 
catalyst film, and silicon oxide layer or an organic substance adhering preventing layer consisting of a layer of organost- 
55 lane or Its hydrotyzed substance having at least one functional group selected from groups consisting of polyalkylene 
oxide group, alkyl group, alkenyi group and aryl group in its molecule are laminated on its glass article in the order. 

It is necessary to meet the three requirements at t>e same time in order to obtain excellent anti-fogging and stain 
preventing properties using an optical catalyst; the first of which is to efficiently oxidize and decompose organic sub- 
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stances which will be cause of fogs and stains adsorbed on the surface of an optical catalyst film (that is. high optical 
catalyst activation), the second of which is that organic substances are hardly adsorbed on the surface (ads^on pre- 
venting property), and third of which is to reduce the apparent contact angle when water drops are adhered although 
necessary to secure an art-toeing property (small contact angle). W the abovementioned three retirements are sat- 

s isfied. it is possible to achieve excellent anti-fogging and stain preventing properties tor a longer period of time. 

in the invention, Ti0 2 , ZnO. ZnS, WO3. Fe 2 0 3 . GaAs. CdSe. GaAsP, Cds. SrTOa. GaP. In 2 03 or M ^j*army 
be used as an optical catalyst. TO* is an optical catalyst which is most wide* utilized at present .n view of high optical 
catalyst activation and chemical stability, which can be favorably used in the invention. Hereinafter, a descnption is given 
of titanium oxide as a representative example. 

10 Even though an optical catalyst film such as titanium oxide film is directly coated on the surface of glass substrate, 
high optical catalyst activation can not be obtained. This is because alkali metal ions such as Na ions, which come out 
from and are diffused from the glass substrate containing alkali metal in heat treatment, lowers the crystalization of the 
titanium oxide film In order to prevent the crystalization of the titanium oxide film from being lowered, in the invention, 
a silicon oxide film or other alkali shutofl lilm is provided on the glass sutotrate. and an optical cataryst film conastng 

15 of titanium oxide or an optical catalyst film containing titanium oxide is coated thereon. In a case where a film containing 
titanium oxide as an optical catalyst film is used, rt is preferable that the content of titanium oxide is 1 0 or more percent 
by weight H the content of titanium oxide is less than 1 0 percent by weight, the optical cataryst activation on the surface 
is lowered too much and this is not practical. 

An anti-fogging and stain-prevented glass according to the invention has excellent anti-fogging and stam preventing 

20 properties and their sustainabilrty and is excellent in mechanical strength, the same can be favorably used for automo- 
biles, buildings and glasses. 

Hereinafter, a description is given of the respective components of the invention. 

[Alkali shut-off film] 

As the abovementioned alkali shut-off film, a monocomponent or murtk»mponent composition selected from a 
group of silica oxide, aluminium oxide, titanium oxide, zirconium oxide and cerium oxide may be preferably used. Of 
them, a monocomponent of silica oxide or a multicomponent having silica oxide as its main component is preferable 
and a two-component metal oxide consisting of silica oxide and zirconium oxide is further preferable. Since a metal 
so oxide having silica oxide as its main component has a low refractive index and does not greatly spoil the optical char- 
acteristics of glass plate it is preferable in view of formation of f Bm As regards a two-component metal oxide consisting 
of silica oxide and zirconium oxide, since its alkali shut-off property is very high, the same is further preferable, wherein 
a two-component metal oxide having the content of zirconium oxide at a ratio from 1 or more percent by weight to 30 or 
less percent by weight is most preferable. If the content of zirconium oxide is less than 1 percent by weight, there is no 
95 difference in the effect of improvement of the alkali shut-off property between zirconium oxide and ^ MO "^®^ 
ica oxide. If the content thereof is 30 or more percent by weight no more effect of improvement of the alkali shut-off 
property can be expected, and the reflection ratio is likely to be increased due to an increase of the refractive index. In 
this case, it becomes difficult to control the optical characteristics of glass plate, and this is not preferable. 

ft is preferable that the thickness of the abovementioned alkali shut-off f im is from 10nm or more to 300nm or less. 
40 If the thickness if less than t Dnm. the alkali shut-off effect is not suff icient and rf the thickness is more than 300nm. the 
interference color can be recognized to be remarkable, wherein it will become difficult to control the optical character- 
tstics. and this is not preferable * 

The abovementioned alkali shuHrff film can be formed by an already-known method. For example, there are a sol- 
gel method (for example. Ceramics Association Journal. 90. P.328 to 333 (1982) prepared by YUJi Vfemamoto, Kanichi 
45 Kamiya. and Sunk) Tsukuribana). a liquid-phase deposition method (for example. Japanese Patent Publication No. 
59210 / 1989. and Japanese Patent Publication No. 13301 / 1992). a vacuum film formation method (vacuum evapora- 
tion, spattering), a baking method or spray coat (tor example. Japanese Laid-open Patent Publication Nos. 124523 / 
1978 and 96749 / 1981). a CVD method (tor example. Japanese Laid-open Patent Publication Nos. 90441 / 1980. 
201046 / 1989. and 208849 / 1993). etc. 



so 



(Optical catalyst film] 

The optical catalyst activation of an optical catalyst film coaled on the abovementioned alkali shut-off film greatly 
depends on the film thickness, tf the film thickness is too thin, the optical catalyst does not sufficiently absorb light and 
if it is too thick, optical carriers produced in the film can not be sufficiently diffused outside the film. In either case, the 
cataryst activation is lowered. Although the most adequate film thickness differ according to the use condition, it ts pref- 
erable that the f ilm thickness is in a range from lOnm to SOOnm. more preferably from 40 to 200nm. in which a good 
optical catalyst activation can be achieved. 
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Although an optical catalyst film consisting of titanium oxide or an optical catalyst film containing titanium oxide of 
the invention is produced by using a usual film formation method, the sol-gel method is most preferably used. Sol can 
be obtained by hydrolyzing titanium atkoxide or titanium alkoxide along with other metal aJtaxtde at the same time. It is 
simple that a liquid available on the market, in which titanium oxide fine partidee are dispersed in an inorganic binder 
(containing other metal alkoxWe than titanium), and this is preferable used. As one of the examples of liquids which are 
available on the market. "ST-K03" produced by Ishihara Industries Co.. Lid., and containing titanium oxide at a ratio of 
5 percent by weight and inorganic binder at a ratio of 5 percent by weight), "CA-62" produced by TaW Chemical Co.. Ltd. 
and containing titanium oxide at a ratio of 6 percent by weight and inorganic binder at a ratio of 1.5 percent by weight), 
etc. may be listed. 

After a titanium oxide based thin film is formed on the alkali shut-off film, rt is preferable that heat treatment is car- 
ried out at 450 to 650«C tor ten minutes to two hours in order to improve the densrfcaton and crystaJization of titanium 
oxide. 

[Fluorine dope onto the optical catalyst film] 

By doping a bit of fluorine atoms in the abovementioned optical catalyst f Hm. there is a possibirty that the optical 
catalyst activation is increased. Trifluoroacetate, etc. may be used as a dopant A dopant such as triftuoroacetate. etc. 
is decomposed by subsequent heat treatment, and is doped into titanium oxide crystal grating as fluorine in a state of 
atom. Since the size of fluorine atoms is almost the same as that of oxygen atoms, H is considered that the doped flu- 
orine atoms mainly exist in a form in which they are displaced by oxygen atoms of titanium oxide. 

In a case where a titanium oxide based optical catalyst film is formed by a sol-gel method, fluorine atoms are doped 
into the f Nm at a ratio of 0.002 to 1 percent by weight after the heat treatment such as burning is completed by adding 
a thermally decomposable fluorine compound such as trifluoroacetate (TFA) to a solution of titania-alkoxide which is the 
material thereof, or to a liquid in which titanium oxide fine particles are dispersed, and it is possible to increase the opti- 
cal catalyst activation. 

Furthermore, in a case where a titanium oxide optical catalyst film is formed by a vacuum evaporation method or a 
chemical gas-phase deposition (CVO) method, it is possible to dope fluorine atoms by adding a fluorine compound to 
the material as in the above description. 

if the amount of dope of fluorine atoms in the film is less than 0.002 percent by weight the effect of increase of opti- 
cal catalyst activation is not remarkable, and if the amount is more than 1 percent by weight the optical catalyst activa- 
tion is no more expected. 

On the other hand, even by doping fluorine atoms into an alkali shut-off film, the fluorine atoms are diffused in a 
titanium oxide based film by heat treatment, wherein similar effects can be obtained. It Is preferable that the amount of 
dope of fluorine atoms in the aJkaH shut-off film is from 0.002 or more percent by weight to 10 or less percent by weight. 
If the amount of dope of fluorine atoms in the alkali shut-off film is less than 0.002 percent by weight, an increase of the 
effect of optical catalyst activation of the optical catalyst layer is not remarkable, and if the amount thereof is more than 
10 percent by weight no more increase of the effect of the optical catalyst activation of the optical catalyst layer can be 
expected. 

Doping of fluorine atoms into an alkali shut-off film is usually carried out by a method of adding a fluorine compound 
into the material thereof when forming an alkai shut-off fHm by a sol-gel method, a vacuum evaporation method, a bak- 
ing method, a spray coat method, a CVD method, etc. Furthermore, in a case where an alkali shut-off film of silica is 
formed by a liquid-phase deposition method, since fluorine is included in the material solution (siica super saturation 
solution of sfltcofluoride hydroxide) at a ratio of 0.1 to 10 percent, it is not necessary to specially add fluorine to the 
material solution, the material solution can be used as It is. 

[Dents and projections on the optical catalyst f 1m surface] 

In the present invention, dents and projections having an arrrnrnetical mean roughness (Ra) from 1 .5 to flOnm and 
mean interval (Sm) from 4 to 300nm therebetween are formed on the surface of an optical catalyst film which is coated 
on the abovementioned alkali shut-off film. Thereby, the contact angle with respect to water is made smaller, and more 
excellent ami -fogging property and long-term sustainability can be obtained. 

In a case where the abovementioned Ra value is less than 1 .5nm or more than 80nm. the long-term stability of the 
ant-fogging performance is low and is not preferable. Furthermore, the Sm value is less than 4nm or more than 300nm. 
the long-term stability of the antMogging performance is low and is not preferable. It is further preferable that the dents 
and projections have an arithmetical mean roughness (Ra) from 5 to 30nm and mean interval (Sm) from 5 to 150nm 
therebetween. In this range, the long-term stability of the anti-toggkig performance is further preferable. Herein. Ra 
value and Sm value are def ined by a method regulated in Japanese Industrial Standards J1S B 0601 (1994). and they 
can be calculated on the basis of section curves observed and measured by an atomic force microscope (for example. 
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Seiko Electronic Co., Ltd., Type SP13700) and an electron microscope (tor example. Hitachi. Limited. Type H-600). 

Dents and projections on the surface of optical catalyst fiim can be produced by a method of laminating a thin opti- 
cal catalyst film on the glass substrate surface so as not to spoil the dents and projections after an aJkah shut-off f *m 
having dent and projection surface is formed, or a method of directly denting and projecting the optical catalyst f im 
s itself. 

[Dent and projection alkali shut-off film] 

In a case where the surface of titanium oxide based optical catalyst film is dented and projected by forming an afcali 

w shut-off film having a dent and projection surface, the alkali shut-off film can be preferably formed by a sol-gel method 
or a liquid-phase deposition method. 

The dent and projection alkali shut-off film by a sol-gel method is formed by coating a coating liquid containing 
metal oxide tine particles, and hydrotyzaWe. condensable and polymerizable organometalic compound or containing 
chlorosilyl group contained compound or their hydrolyzed substances onto a glass article, drying and as necessary 

is thermally treating the same. 

As the abovemerrtioned metal oxide fine particles, a metal oxide fine particles of a monocomponent selected from 
a group consisting of sHicon oxide (silica), aluminium oxide (alumina), zirconium oxide (zirconia). titanium oxide (titanta). 
cerium oxide (ceria). or a complex metal oxide fine particle consisting of metal oxide fine particles, mixtures thereof, and 
two or more constituents thereof may be used. These are preferably used in a form of sok/ent drff usfon sol (coRoid solu- 

20 tion). The following are available as a metal oxide sol; lor example, "Snowtex-OL". "Snowtex-O". "Snowtex-OUP". 
"Snowtex-UP". which are silica sols made by Nissan Chemical Industries. Lid.. "Alumina sol 520" which is an alumina 
sol made by Nissan Chemical Industries. Ltd.. "Zirconia sol NZS-30A" which is a zirconia sol made by Nissan Chemical 
Industries. Ltd.. Titan* sol CS-N" which is a ttenia sol made by Ishihara Industries CO.. Lid.. "Needier U-15" which is 
a ceria sol made by Taki Chemical Co., Ltd.. etc.. All of which are water dispersion sots available on the market, and 

25 "IPA-ST and "XBA-ST" made by Nissan Chemical Industries. Lid. which are an organic solvent dispersion silica sol 
available on the market may be fisted. 

It is preferable that the grain size of the abovemerrtioned metal oxide fine particles is from 4 through 300nm. If the 
grain size of metal oxide fine particles Is less than 4nm, the arithmetic mean roughness (Ra) is liable to become less 
than 1 .5nm and the mean interval (Sm) of dents and projections is liable to become less than 4nm. no effective dent 

30 and projection to improve the anti -fogging capacity, arrti -fogging sustainabilfty and hydrophilicity sustai natality can be 
formed, and it is not preferable. To the contrary, if the grain size of metal oxide fine particles exceeds 300 nm. the arith- 
metic mean roughness (Ra) becomes more than 80nm and the mean interval (Sm) of dents and projections exceeds 
300nm, wherein the dents and projections are too large, resulting in spoiling the transparency, and since the fine parti- 
cles are liable to be deposited in the process of production, it is not favorable. 

35 Chain fine particles are preferable as the abovemerrtioned metal oxide fine particles. By using chain fine particles, 
usually colloid chain fine particles, the shape of the surface dents and projections becomes three-dimensionally cubic 
and convex and concave, wherein it is possible to form surface dents and projections which have a high anti-fogging 
capacity, anti-fogging sustatnability, and hydrophilicity eustainebility respective improved. "Snowtex-OUP" and "Snow- 
tex-UP" which are chain silica sols made by Nissan Chemical Industries, Ltd. may be available as an example of chain 

40 colloids. These have a diameter from 1 0 through 20nm and a length from 40 through 300 nm. 

As a solvent of the abovemerrtioned fine particles, a rrttnocomponent or mixture of water, methanol, ethanol, pro- 
panoic etc. is preferable, and water is further preferable. 

As hydro! yz able, condensable and polymerizable organometalic compound contained in a coating liquid for form- 
ing a dent and projection alkali shut-off film along with the abovemerrtioned metal oxide fine particles, metal alkaxkfe, 

45 for example, methaxide. ethoxide. propoxide. buthoxide. etc. of silicon, aluminium, zirconium, titanium, etc. may be used 
independently or in combination thereof, and macromolecular type alkyt siKcate, for example, "ethyteilicate 40" made by 
Cotcoat Ltd., and "MS56" made by Mitsubishi Chemical, Ltd. may be also used. 

As a hydrolyzed substance of the abovemerrtioned organometallic compound, a alkoxy silane hydrolyzed liquid 
which is available on the market tor example. "HAS- 10" made by Colcoat. Ltd.. "Ceramica G-91" and "0-92-6" made 

so by Nippon Lab., Lid., and "Atron NSI-500" made by Nippon Soda. Ltd. etc. may be used. 

A chlorosilyl group based compound containing in a coating liquid for forming a dent and projection alkali shut-off 
film along with the abovemerrtioned metal oxide fine particles is a compound having at least one chlorosilyl group (- 
SiCt n X3. n . wherein n ts 1 . 2. or 3. X is hydrogen, or is alky! group, alkoxy group, or alcytaxy group respectively having 
the number of carbon from 1 to 10) in a molecule. Of them, a compound having at least two molecules of chlorine Is 

55 preferable, wherein cNorosilane or its condensed and polymerized substance, in which at least two hydrogens of slane 
Si n H2 n+2 (herein n is an integer from 1 to 5) are substituted by chlorine with the other hydrogens substituted by the 
abcvementioned atkyl group, alkoxy group or acytoxy group as necessary, is preferable. For example, tetrachforosilane 
(silicon tetrachloride. SiCU). trichlorosilane (SiHCJ 3 ). tricHwcmcoomethyteilane <SiCH 3 C»3). cSchJorosilane (SiHsCy. 
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and a-(StCl20)n-Sfa 3 (wherein n is an integer from 1 to 10). etc. may be listed. 

A hydfoJyzed substance of the above mentioned chlorosilyl group contained compound may be used independently 
or in combination thereof. However, moat preferably, chlorosilyl group contained compound is ietrachtoros&we. Chto- 
rosilyl group has a very high reactivity and forms a dense film by self condensation or condensation reaction with a sub- 
5 strate surface. 

A solvent of solution containing the abovementioned orgarometallic compound, chlorosilyl group contained com- 
pound or their hydrolyzed substances may be fundamentally any type if the aJbovernerttioned orgarwmetaRic compound 
or chlorosilyl group contained compound or their hydrolyzed substance is substantially dissolved therein. However, 
alcohol groups such as methanol, ethanol. propanol, buthanoJ. etc. are most preferable, and the abovementioned orga- 

io nometalGc compound, chlorosilyl group contained compound, or their hydrolyzed substance is contained at a concen- 
tration ratio from 1 to 30 percent by weight in total. 

Water is requisite to hydrotyze the abovementioned organometallic compounds. This may be either acidic or neu- 
tral. However, in order to accelerate the hydrolysis, ft is preferable that water which is acidified with hyoVocttoric acid, 
nitric acid, sulfuric acid, acetic acid, citric acid, sulfonic acid, etc. is used. The quantity of addition of acid is not specially 

is specified. However, rt is better that the quantity thereof is 0.001 through 5 (molar ratio) with respect to the quantity of 
organornetallic compounds. If the quantity of addition thereof is less than 0.001 (molar ratio), the promotion of hydroly- 
sis of organornetallic compounds is not sufficient, which is not preferable. And H the addition exceeds 5 (motor ratio), no 
effect of improving the hydrolysis is increased, which is not preferable. 

Tne quantity of addition of water necessary for the hydrolysis of the abovementioned organornetallic compound 

20 may be 0.1 through 100 (molar ratio) with respect to the quantity of organometalHc compounds. If the water addition 
quantity is less than 0.1 (molar ratio), the promotion of hydrolysis of organornetallic compounds is not sufficient, and if 
the molar ratio exceeds 100, the solution is liable to be unstable. This is not preferable. 

In a case where the abovementioned chlorosilyl group contained compound is used, it is not necessarily a requisite 
that water or acid is added. Even though no water or acid is additionally added, the hydrolysis is carried out with water 

25 contained in the solvent or water in the atmosphere. Furthermore, hydrochloric acid is made free in the solution m Ine 
with the hyoVolysis. wherein the hydrolysis is further promoted. However, there is no problem rf water or acid is addition- 
ally supplied. 

If the content of the abovementioned fine particles in a film is too small, an effect of adding fine particles, that is. an 
anti-foggtng property and anti- togging sustainabilrty is not sufficient and not preferable. To the contrary. H the content of 

30 fine particles is too large, the matrix phase of metal oxides resulting from organometalic compounds or chkxosilyl 
group contained compounds is made norvcontinuous to cause the dents and protections of film to be weakened, 
wherein the film is liable to be made week, and further the ant-fogging property and anti-togging sustainabilrty obtained 
are saturated to cause no further practical improvement to occur. Therefore, it is preferable that the content of fine par- 
ticles is 5 or more percent by weight and 80 or less percent by weight when converted to the metal oxides. It is further 

as preferable that the content is 10 or more percent by weight and 70 or less percent by weight and still further preferable 
that the content thereof is 20 or more percent by weight and 60 or less percent by weight 

The abcvementioned metal oxide fine particles are mixed with the abovementioned organornetallic compound, 
chlorosilyl group contained compound or tteir hydrolyzed substance along with a solvent. As necessary, water, acid 
catalyst and dispersion assisting agent is added thereto, and a coating liquid to form dents and projections on a sub- 

40 strata is adjusted. At this time, organornetallic compound and chlorosilyl group contained compound may be used inde- 
pendently or may be used as a mixture thereof. 

The abovementioned organornetallic compound or chlorosilyl group contained compound is dissolved in a solvent 
to which a catalyst and water are added, and hydrolysis is carried out tor five minutes to two days at an appointed 
degree of temperature from 1 0*C to the boiling point of the solution, wherein metal oxide fine particles are added to the 

45 solution along with a dispersion assisting agent as necessary. In this condition, rf necessary, the solution is further 
hydrolyzed tor f ive minutes to two days at an appointed degree of temperature from 1 0*C to the boiing point thereof, 
whereby a coating liquid tor forming a dent and projection alkali shut-off film can be obtained. Furthermore, in a case 
where a chlorosilyl group contained compound is used, it is not necessary that a catalyst and water are added thereto. 
Stll furthermore, metal oxide fine particles may be added before the abovementioned hydrolysis process is started. 

so Furthermore, in order to omit the hydrolysis process of organometallic compounds, a solution in which organornetallic 
compounds are hydrolyzed. which is available on the market, may be used. Thereafter, the obtained coating liquid may 
be diluted by a suitable solvent in compliance with the coating method. 

The grain size, grain profile of metal oxide fine particles in the atxwmerttioned coating liquid, or blending ratio of 
organometallic compound or chlorosilyl group contained compound or their hydrolyzed substances and metal oxide fine 

55 particles, and solid concentration, etc. adjusted so that the surface roughness of the dent and projection alkali shut-off 
film has an appointed arithmetical mean roughness (Ra) and mean interval (Sm) of dents and projections. 

Next as regardsa dent and projection aJkali shut-off film by a liquid-phase deposition method, a dent and projec- 
tion alkali shut-off silicon oxide film is formed, tor example, by silicon oxide being deposited onto the surface of a sub- 
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strate from the abovementioned water solution by immersing a silicate glass substrate in a silica supersaturation- 
solution of siKcof luoride hydroxide having a concentration from 1 to 4 mol/L tor 1 to 4 hours at a temperature ol 25*C to 
50*0. and simultaneously by silica fine particles dispersed and existing in the abovementioned water solution being 
adhered to the surface of the substrate. Water solution of the abovementioned srtica supersaturation silicofluoride 
5 hydroxide can be obtained by being dissolved in a silicofluoride hydroxide water solution having a concentration from 1 
to 4motfL and further adding boric acid thereto so that its concentration is 1 x 10* 4 to 100 x 10* 4 mol/L. 

[Denting and projecting light catalyst films themselves] 

io As a method tor forming dents and projections on a surface by directly denting and projecting titanium oxide based 
light catalyst films themselves without denting and projecting the surface of alkali shut-off f ton. 

(a) method of etching by using plasma and fluoric acid, etc. after a titanium oxide based light catalyst film is farmed. 

(b) for example, in a case where a titanium oxide based light catalyst film is formed by a sol-get method, a method 
is for adding organic macromolecules or macromolecular fine particles of polyethylene glycol, polystyrene, etc. to or 

dispersing the same into a coating liquid, 

(c) for example, in a case where a titanium oxide based light catalyst film is formed by a sol-gel method, a method 
tor preferably adding and dispersing colloid-like metal oxide fine particles (tor example, titanium oxide fine particles, 
silicon oxide fine particles, aluminium oxide fine particles, zirconium oxide fine particles, cerium oxide fine particles) 

20 into a coating liquid main composed of titanium alkoxide, 

(d) for example, in a case where a titanium oxide based light catalyst film is formed by a sol-gel method, a method 
tor preferably adding and dispersing colloid-like metal oxide fine particles containing at least titanium oxide fine par* 
tides into a coating liquid main composed of metalix alkoxide (for example, silicon alkoxide. zirconium alkoxide. alu- 
minium alkoxide) other than titanium, and 

25 (e) for example, in a case where a titanium oxide film is formed by a sol-gel method, a method tor producing a large 
grains by condensing and polymerizing titanium alkoxide by adding alkali, increasing the amount of water addition, 
or reducing a stabilizer agent, etc when producing a coating liquid containing titanium alkoxide or its hydrolyzed 
substance may be listed. 

so Of these methods, method (a) is not preferable because the number of processes is increased, and method (d) is 
not preferable since there is a case where the f 9m quality of titanium oxide f Hm is lowered to cause the mechanical 
strength to be lowered, the transparency to be spoiled, and the light catalyst activity to be lowered. Methods (b), (c) and 
(d) are preferably used, by which a dent and projection titanium oxide film can be comparatively easily obtained. It is 
preferable that the size of fine particles used in the abovementioned methods (b). (c) and (d) is from 4 to 300nm by the 

35 similar reason in a case of the abovementioned dent and projection alkali shut-off Nm Furthermore, the abovemen- 
tioned chain fine particles are preferable as metal oxide fine particles. 

According to the abovementioned method (d). 1) a dent and projection thin film where titanium oxide fine particles 
are dispersed in the matrix composed of metal oxide fine particles other than titanium oxide, and 2) a dent and projec- 
tion thin fim where titanium oxide fine particles and other metal oxide fine particles are dispersed in the matrix com- 

40 posed of metal oxide fine particles other than titanium oxide, can be respectively obtained. 

[Layer for preventing organic substances from being adhered] 



It is preferable that a layer for preventing organic substances from being adhered as described below is formed on 
45 the abovementioned hght cataryst dent and projection f ilm. 



A light catalyst film such as a titanium oxide film having a high activity has a small contact angle which is 5 degrees 
or less, just after being irradiated by ultraviolet rays, and has a considerably good anti -fogging property at initial stage. 
However, since organic substances are easily adhered to the surface thereof, the anti-foggtng property may be deteri- 
orated dxono logically due to an increase of adsorbed organic substances. In the Invention, it is preferable that a SiOx 
so rmxiocomponent equivalent layer (x is 1 or 2) is formed, whereby adsorption of organic substances can be effectively 
suppressed while maintaining a high light cataryst activity, and the ante-fogging property can be prevented from being 
aetenorateo. 

An SiOx monocomponent equivalent layer, which is a layer for preventing organic substances from being adhered, 
can be preferably formed through decomposition by being irradiating with ultraviolet light or being heated under a pres- 
55 ence of oxygen after steam of silicon oxide compounds such as 1,3.5.7-tetramethylcychlotetrasiloxane is chemically 
adsorbed onto the surface of light catalyst, and organic silicon oxide compounds, tor example, liquid containing 
tetraalkoxysilane is coated onto the surface of light catalyst In addition thereto, an SiOx monocomponent equivalent 
layer may be directly formed by a vacuum deposition method, an LB method, or a liquid-phase deposition method, etc. 
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Instead of SiO* morvocornponent equivalent layer, a slain preventing property can be remarkably increased by covering 
the light catalyst 11m surtace with an organometallic compound or its hydrolyzed substance containing in molecule at 
least a function group selected from a group consisting of polyafcytene oxide group. aHcyt group, alkenyl group and aryl 
group. These organometallic compound is gradualy decomposed by externa) factors such as irradiation of ultraviolet 
5 light and temperature rise and finally forms a metal oxide monocomponent equivalent layer such as SO*, etc., andth e 
stain preventing property can be maintained. Here, a monocomponent equivalent layer is substantially a rnonocornpo- 
nent layer which indicates a layer of molecules in which 0.5 to 5 molecules are disposed In average in the direction of 
thickness. 

Polyethylene oxide group, polypropyrene oxide group, etc. may be mainly used as polyalkyiene oxide group con- 
to tained in molecules of the abovernentioned organometallic compound. As the abovementioned alkyl group, a chain 
alky! group having a carbon atom number from 1 to 10 such as methyl group, ethyl group, propyl group, butyl group, 
pentyl group, hexyl group, octyl group. norryJ group, decyl group, etc., and ring alkyl group having a carbon atom number 
from 3 to 10 such as cyclopertyl group, cyctahexyl group, etc. may be mainly used. As tie abovementioned alkenyl 
group, a group having a carbon atom number from 1 to 10 such as vinyl group, ally! group, butenyl group, propenyl 
is group, hexenyt group, octenyt group, cyclohexenyl group, etc. is mainly used. Phenyl group, totyt group, xylyf group, etc. 
may be mainly used as the abovementioned aryl group. 

As these functional croups, for example, organometallic compound containing polyethylene oxide group in mole- 
cules, organosilane such as (alknxy(polyethyleneoxy)aJkyll triaJKoxysiane, [a4toxy(pcrfyethyleneoxy)alkyl] trichtoro- 
silane. and a organic titanium compound such as {alkoxy (polyethyleneoxy)alky(l triatexy titanium may be listed. 
20 Since these functional groups are nonpolar or has low polarity, stains are less actiered to cause an increase of the 
contact angle to be suppressed with respect to water drops, that is. it is preferable since the anti-logging sustainabilrty 
and hycrophilicity sustainability is improved. In particular, as regards the abovementioned antMbgging and stain-pre- 
vented articles which are produced by using organosilane including polyalkyiene oxide group, the anti-fogging property 
is excellent, the anti-fogging sustainability and hydrophilicity sustainability (that is. stain preventing property) is specially 
ps excellent, and especially, as described above, if the hydrophilicity sustainability is high, the stain preventing property Is 
good 

Since the abovementioned functional group is non-reactive or has low reaction property, no chemical combination 
with stains is produced to cause stare not to be fixed on the surface. Therefore, since stains adhered onto the surface 
can be simply eliminated by wiping, etc.. the anti-fogging property can be simply revived even though the anti-togging 

30 property goes away due to stains. , „ . , . . . 

H is preferable that organosilane containing the abovementioned polyalkyiene oxde group is alkoxysialne and chlo- 
rosi lane having an altocyl group and chioro group m molecules. Since altaxyl group and chloro *oup */e ^Y^ro- 
lyzed to cause organosilane to be toughly chemically bonded to the dent and projection surface of light catalyst film, 
products having a higher anti-fogging sustainability can be obtained. Of the abovementioned organosilane. afcoxysfene 

35 having a polyethylene oxide group, espectaly. [alkoxy (poiyethylenecDry) alkyl] trialtaxysilane. for example, [methoxy 

(polyethyleneoxy) propyl trirr^ ^ ' ^ 

As a method tor bonding or adhering the abovementioned organosilane or its hydrolyzed substance to the dent and 
projection surface of the abovementioned light catalyst film, any method by which the abovementioned organosilane^ or 
its hydrolyzed substance comes into contact with the abovementioned dent and projection surface may be available. 

40 For example, a method for coating a liquid containing the abovementioned organosHane or its hydroryzed substance 
onto the dent and projection surface (that is. coating method), a method lor immersing a light catalyst dent and projec- 
tion film formed substance into a liquid containing the abovementioned organosiane or its hydrolyzed substance (that 
Is, a liquid phase chemical adsorption method), a method for placing a light catalyst dent and projection fflm formed sub- 
stance in steam of the abovernerrtioned organosilane or its hydrolyzed substance and adsorbing the same there on 

45 (that is, gas phase chemical adsorption method) may be listed. 

Of the abovementioned methods, the abovementioned coating method is specially preferable since It is simplest 
and low in production cost The abovementioned coating method may use an already known technique, and it is not 
specially limited. There are many methods which are a method of using a device such as a spin ooater . roll o oaler. spray 
coater, curtain coaler, etc., an immersing method (dfc coating method), a flow-coating method, a method tor rubbing 

so the Tight catalyst dent and projection film surface with a doth or paper impregnated with a coating liquid In^astetewhere 
the cloth or paper is brought into contact with the surtace (rubbing rrietn^ 

as a screen printing, gravure printing, curved printing, etc. . 

A solvent tor dissolving the abovementioned organosilane is not specially limited. However, preferably, water, alco- 
hol, ketone, etc. may be employed along or by combination thereof in view of safety, cost and °P"^ 
55 Methanol, ethanol. propanol. butanoi, etc may be listed as alcohol, etc. Acetone, methylethyl ketone, diethyl ketone, 
etc. may be employed as ketone, etc . 

The abovementioned organosilane may be hydrolyzed tor use as necessary Water and acid catalyst may be added 
to organosilane solution as necessary, wherein hydrolysis is carried out for a fixed period of time at a fixed temperature. 
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and organosilane is diuted tor use as necessary. 

Although the conditions of hydrolysis of organosilane are not specially limited, it is preferable that the hydrolysis is 
carried out for three minutes to fifty hours in an range of temperature from 20*C to 60*0. In a case where the tempera- 
ture is lower than 20 fl C or the time is less than 3 minutes, the promotion of hydrolysis is not sufficient. To the contrary, 

5 if the temperature is higher than 60 9 C and the time exceeds 50 hours, the effect of promotion of hydrolysis can not be 
enhanced, the service life of the coating liquid is shortened. Therefore, that is not preferable. 

As the abcvementioned acid catalyst, mineral acids such as hydrochloric acid, sulfuric acid, nitric acid, etc.. and 
organic acids such as acetic acid, formate acid, citric acid. para-toluenesuHonic acid. etc. may be used. The quantity of 
addition of acid is not specially limfted. However, H is good that the quantity of addition of acid is from 0.0001 to 5 (molar 

w ratio) with respect to organosilane. If the quantity of addition of acid is less than 0.0001 (molar ratio), promotion of 
hydrolysis of organosilane is not sufficient, and if the same exceeds 5 (molar ratio), the effect of hydrolysis promotion is 
no more improved. The acid becomes excessive to be unfavorable. 

Though the quantity of water added for the abcvementioned hydrolysis is not specially limited, it is good that the 
quantity is 0.1 or more (molar ratio) with respect to organosiane. If the quantity is less than 0. 1 (molar ratio), promotion 

i5 of the hydrolysis of organosilane is not sufficient to be unfavorable. 

On the other hand, as regards polyalkylene oxide group contained organosilane having a great hydrolysis speed 
like, tor example, [alkwy(polyethyleneoxy)alkylJ trie hlorosi lane, there may be a case where the hydrolysis can be pro- 
moted with only water adsorbed by the dent and projection flm surface of light catalyst, and it is fixed on the surface by 
a dehydration/condensation reaction. In this case, since an antMogging article which is superior in view of weathertight- 

20 ness. anti-fogging and stain preventing property, anti -fogging sustainability and hydrophilicity sustainability, can be 
obtained, it is preferable that a coating liquid is prepared by using an nonacqueous solvent with the dissolved water suf- 
ficiently decreased. As an nonacqueous solvent, n-hexane, cyclohexane. xylene, toluene, etc. may be listed. 

Furthermore, the concentration of organosilane solution used for coating is not specially limited, organosilane of 
0.001 through 5 percent by weight is preferably used. If the concentration is lower than 0.001 percent by weight, no suf- 

25 ficient promotion of anti-fogging sustainability and hydrophOicrry sustainability of an anti-fogging and stain-prevented 
article obtained can be recognized, and if the concentration exceeds 5 percent by weight, the anti-fogging property and 
stain preventing property are not improved anymore. Therefore, that is not economical and is not preferable. 

It is preferable that the dent and projection film of fight catalyst on which organosilane solution is coated is dried or 
heat-treated at a temperature from 20 through 180*0 for three minutes to three hours. By this treatment, bonding of 

30 organosilane onto the dent and projection film surface of light catalyst is strengthened to cause the durability, anti-fog* 
ging sustainability and hydrophilicity 6ustainabSfity of an anti-fogging and stain-prevented article to be improved. K the 
temperature is less than 20*0 or the treatment time is shorter than three minutes, the abcvementioned effect is not suf- 
ficient to be unfavorable. Since there is a case where organosilane is decomposed if the temperature is higher than 
180*0 That is also unfavorable. Furthermore, even though the treatment time exceeds three hours, no more effect can 

35 be expected. Therefore, that is also unfavorable in view of the productivity. 

If organosilane forms a monocomponent equivalent layer on the abcvementioned dent and projection fHm surface 
of the light catalyst the anti-fogging sustainability and stain preventing property can be improved. The organosilane 
layer is gradually decomposed by external factors such as irradiation of ultraviolet rays, temperature rises, etc., and 
finally becomes a monocomponent equivalent layer of SiO*. wherein the ant-togging sustainability and stain preventing 

40 property are maintained. Even in a case where the thickness of organosilane layer Is comparatively large, it is neces- 
sary that the thickness of organosilane layer is not greatly fluctuated on places, and it is preferable that dents and pro- 
jections which are similar to those of the abovement toned dent and projection film of light catalyst surface, that is, dents 
and projections having an arithmetical mean roughness (Ra) from 1.5 to 80nm and an average interval (Sm) of the 
dents and projections from A to 300nm. are formed on the outside surface of the organosAane layer. Furthermore, pref- 

43 arable dents and projections are such that their arithmetical mean roughness (Ra) is 5 to 30nm and the mean interval 
(Sm) of dents and projections is 5 to 1S0nm. 

The above describes a case of an anti-fogging and stain-prevented article having dents and projections, which 
have an arithmetical mean roughness (Ra) from 1 .5 to 80nm and a mean interval (Sm) from 4 to300nm. formed on the 
surface of titanium oxide based light catalyst film. However, instead of such a titanium oxide based light catalyst dent 

so and projection film, by covering an organic substance adhesion preventing layer made of a silicon oxide layer or a layer 
of organosilane or rts hydrolyzed substance containing at feast one functional group selected from a group consisting 
of polyaJkylene oxide group, alky! group, alkanyf group and aryl group, on a titanium oxide based light catalyst flm not 
having any surface dent and projection, it is possible for organic substances to be prevented from being adhered onto 
the titanium oxide based tight catalyst film surface, and it is possfcle to suppress a deterioration of hydrophilicity due to 

55 an increase of adsorbed organic substances, whereby an excellent stain preventing property can be maintained. The 
description of this organic substance adhesion preventing layer is omitted because the abcvementioned organic sub- 
stance adhesion preventing layer employed for titanium oxide based light catalyst dent and projection film can be used 
as it is. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, a description is given of the invention on the basis of preferred ernbodimerrts. However, the invention 
is not limited to such ernbodiments. 

[Embodiment 1, Comparison example 1) 

Soda lime silicate glass piate (containing Na 2 0 about 13% and K 2 0 about 0.8%) 10cm square and another soda 
lime silicate glass plate having a dent and projection silicon oxide (SiOg) Urn coated thereon to be about 45nm thick by 

io a liquid-phase f Urn forming method were prepared as substrates. A dent and projection silica film was coated as shown 
below. 3.9 moi/L silicoftuorkde hydroxide water solution, 50m L in which silica-gel was saturated and dissolved was kept 
on a temperature of 35*0, to which water of 50mL whose temperature is 35*C was added to prepare a water solution 
of siftcof luoride hydroxide in which silicon dioxide of 1.95moVLwas supersaturated. A soda lime silicate glass plate was 
immersed, for about two hours, in a bath of the water solution whose temperature is kept on 35*0. Thereafter, the same 

ts was taken out from the bath. After the glass plate was washed in water and dried, the same was baked for one hour at 
200*0. According to the result of analysis by an electron microscope, it was confirmed that a silica fim having a thick- 
ness of about 45nm was formed on the #ass plate. On the basis of the result of measurement by an atomic force micro- 
scope, the surface of the silica film became a dent and projection surface where its arithmetical mean roughness (Ra) 
is 2.0nm and the mean interval (Sm) of dents and projections is 5nm. However, the surface of a non-treated glass plate 

20 was a smooth surface where the arithmetical mean roughness (Ra) is less than 0-2nrn and the mean interval (Sm) of 
dents and projections is 400 nm. In compliance with the results of chemical analysis, it was confirmed that the above- 
mentioned silica film contains fluorine atoms of about 7 percent by weight. 

Next, a description is given of a coating method of titanium oxide thin film by using a dipping (sol-gel) method. Ace- 
thyl acetone of 60.3 g (0.6mot) was gradually dropped into titanium tetraisopropoxide (Ti(OiPr) 4 ) of 85.6g (0.3mol) by 

25 using a buret while agitating the same. The agitation was continued for about one hour, thereby causing a stable 
Ti( AcAc) 2 (0iPr) 2 complex solution (mother solution) to be obtained. The mother solution was diluted 3.3 times by using 
ethanol to make a coating solution. After soda lime silicate glass substrate and soda lime silicate glass plate with the 
abcvementioned dent and projection silica film were immersed in the coating Squid, a film was formed by drawing up at 
a drawing rate of 4.6crrvm, and they were baked at 500*0 for thirty minutes. 

30 The obtained samples was named sample A (glass substrate/titanium oxide film) and sample B (glass sub- 
strateAdent and projection silicon oxide film/fluorine atom doped titanium oxide film). On the basis of the result of anal- 
ysis of X-ray diffraction, it was confirmed that titanium oxide film of sample B was of anatase type crystals while titanium 
oxide f 1m of sample A was not crystallized. Furthermore, it was confirmed by Rutherford backscattering spectrograph 
that fluorine was doped in the titanium oxide film of sample B at a ratio of 0. 1 percent by weight, which was presumed 

35 to be diffused from the dent and projection sflicon oxide film. And the thickness of the titanium oxide thin flms of sam- 
ples A and B were about SGnrrt According to the result of measurement by an atomic force rricroscope, although the 
surface of titanium oxide film of sample B became a dent and projection surface where the arithmetical mean roughness 
(Ra) is 2.0nm and the mean interval (Sm) of dents and projections is Snm, the surface of titanium oxide f Im of sample 
A became a smooth surface where the arithmetical mean roughness (Ra) was less than 0.2nrn and the mean interval 

40 (Sm) of dents and projections is 400nm. 

By using the method described below, an SO* monocomponent layer film was formed on the surface of titanium 
oxide films of samples A and & After samples A and B were set in a vacuum desiccator which was kept on a tempera- 
ture of 80*0, 1 ,3.5.7-tetiamelhyfoychk>-tetracycNosan (TMCTS) of 200 yX. was poured thereinto by using an injector, tn 
this state, they were retained for thirty minutes as it they. After that, the temperature was increased to 100*0. wherein 

46 TMCTS which was not reacted was eliminated by heating the same for thirty minutes whie vacuuming the desiccator. 
By this method, a monocomponerrt film of TMCTS was formed on the titanium oxide fim. Furthermore, by using a 500 W 
high-vottage mercury lamp, light was irradiated on the titanium oxide film at a distance of 8cm for one hour, wherein the 
TMCTS film was oxidized to convert the same to an SiO* rrxxxxxKriponent equivalent fHm. Thus, sample A' (glass sub- 
strateAitanium oxide Km/SO* rrxxiocorrponent equivalent fim, comparison example 1) and sample B* (glass sub- 
so strateAdent and projection silicon oxide tarn/fluorine atom doped titanium oxide film /SiOx monocomponent equivalent 
film, embodiment 1) were obtained. 

These samples A' and B were caused to remain, as they are. in a room where people constantly enters and goes 
out. without being irradiated by any ultraviolet rays, and the degree to which the anti-fogging property is lowered by the 
surface being stained, was evaluated by a fog degree when air is breathed thereon (Breathing test). That is. although 

55 the samples are not togged even though air is breathed thereon immediately after the surface is made dean, stain con- 
stituents in the atmospheric air are adsorbed on the sampJe surface by the samples being caused to remain indoors as 
they are, and the surface becomes fogged by the breathing test The time (anti-fogging time) from the moment when 
they are caused to remain indoors to the commencement of foggrmg was made an index of the anti-fogging sustatna- 
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bility. It can be said that the greater the index is. the higher the anti-fogging sustainability is. Furthermore, the samples, 
on which fog was generated in the breathing test due to being left indoors over as they are, were continuously irradiated 
again by ultraviolet rays (360 to 370nm) having an intensity of O.SmW/cm 2 , wherein the time required tor irradiating 
ultraviolet rays (anti-fogging property recovery time) untH no fog is produced in the breathing test was made an index of 
recovering the anti-fogging property recovery. Furthermore, the irradiation intensity of ultraviolet rays (360 to 370nm) of 
0.8m W/cm 2 is equivalent to two to five times the irradiation intensity of ultraviolet rays (360 to 370nm) from the sun light 
on the ground, outdoors, at noon, in lat. 35*N. in a cloudy day in the winter time. It can be said the smaller the anti-fog- 
ging recovering time is. the higher the anti-fogging property recovery Is. The anti-fogging sustainabHrty of 24 hours or 
more and the anti-fogging property recovery of two hours or less are required in various applications. Furthermore, gen- 
eraliy, rf the figure obtained by dividing the anti-fogging sustainability time (hours) by the ant-togging recovering time 
(hours), that is; 



[Fog fogging sustainability timeWanti-fogging recovering time] 



15 



20 



is 40 or more, those substances can be preferably utilized as an anti -togging glass article. 

Furthermore, the stain prevention sustainability test was carried out by the following outdoor exposure test. 

A test glass plate is vertically installed outdoors in the city of Itarrt. Hyogo Prefecture, and an exposure test was 
carried out for six months in an environment simulated to be a vertical plane below the eaves where rain water 1 lows on 
and drops on the test glass plate. After the test, the stained or contarrmated state of the glass plate is evaluated by a 
visual evaluation on the basis of Table 1 below. 



25 



30 



(Table 1] 


Evaluation 


Stained or contaminated state 


© 


Almost no stain is noticeable. 


O 


Slightly stained, and wrinkle-like stains thinly appeared. 




Stained, and wrinkle-like stains are noticeable. 


X 


Stain is remarkable, and wrinWe4ike stains are remarka- 




bly noticeable. 



as The results of various kinds of evaluation of samples A' and B* are shown in Table 2. Sample A' (Cornpanson exam- 
ple 1) has a good anti-fogging and stain preventing sustainability. but its anti-fogging property recovery is lower. To the 
contrary, it is dear that sample B' (Embodiment 1) has a good anti-fogging sustainability and simultaneously the anti- 
fogging property recovery has been remarkably improved. 

Furthermore, it is also dear that sample B* (ernbodiment 1) has a good stain preventing property while sample A' 

40 (comparison example 1) has a low stain preventing property. 

[Embodiment 2] I 

Hydroryzed. condensed and polymerized solution of ethyisilicate (Brand name: HAS- 10. Colcoal. Limited). 11.8 
45 parts by weight, chain silicon oxide colloid having a diameter from 10 to 20nm and a length of 40 to 300 nm (Brand 
name: Snowtex OUP. Nissan Chemical Industries. Ud Solid content 15 percent by weight), 13 3 parts by weight, and 
2-propanol, 74.9 parts by! weight, were blended at a room temperature and they were diluted with 2-propnol three times 
by weight and agitated by at a room temperature tor two hours, thereby causing a coating liquid for forming a dent and 
projection silica f ilm to be obtained. A soda lime silicate glass substrate 10cm square was immersed in the abovemen- 
so boned coating liquid tor forming dents and projections and was taken up at a rate of 20cm per minute tor coating. This 
glass substrate was cried at 1 00*C tor thirty minutes and further dried at 250*0 for thirty minutes. Thereafter, by treating 
the same in an oven of 500*C for one hour, a glass substrate was obtained, in which silicon oxide dents and projections 
film having a thickness of 100nrrt 

As regards the glass plate on which the abovementfoned silicon oxide dent and projection film was formed, the 
55 arithmetical mean roughness (Ra) and mean interval (Sm) of dents and projections were obtained by using an atomic 
force microscope (for example. Seiko Electronic Co. , Lid.. Type SPG700). wherein Ra was 7nm and Sm was 20nm. 

Next, a description is given of a method tor making a fluorine atom doped titanium oxide film. Acethyl acetone of 
248ml (2.4mot) was gradually dropped into titanium tetratsopropoxide (Ti(OiPr)4) of 353mL (1.2mol) by using a buret 
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while agitating the same. The agitation was continued for about one hour, thereby causing a stable H(AcAc) 2 (0(Pr) 2 
complex solution (mother solution) to be obtained. On the other hand, a solution was prepared, in which trifiuoroacetate 
(TFA) 0.75g was dissolved in ethanoi anhydride of 1398mi_ After the abovementioned mother solution was added to 
this solution, a coating solution for uniform fluorine atom doped titanium film was obtained by sufficiently agitating the 
s abovementioned solution. After the abovementioned dent and projection silicon oxide film coated soda lime silicate 
glass substrate was immersed in the coating liquid lor fluorine atom doped titanium oxide flm and was lifted up at a rate 
32mm per minute, the glass substrate was dried at a room temperature for thirty minutes and further baked at 500*0 
for thirty minutes, whereby anatase type titanium oxide film about 60nm thick, on which fluorine atoms are doped about 
0.38 percent by weight, was obtained. On the surface of titanium oxide film, the arithmetical mean roughness (Ra) was 
' . io 7rm and the mean interval (Sm) of dents and projections was 20nm 

An StOx monocomponent equivalent film was formed on the abovementioned surface of titanium oxide film by the 
same method as that of Embodiment 1 . A sample thus obtained is made C (glass substrateAdent and projection silicon 
oxide f Bm/f luorine atom doped titanium oxide film/SiOx rnonocomponent equivalent film). 

The results of various kinds of anti-fogging and stain preventing performance of sample C are shown in Table 2. 
r5 Sample C has a remarkably improved anti-fogging property recovery in comparison with sample A* (Comparison exam- 
ple 1) and simultaneously has a good anti-fogging susiainabSity and an excellent stain preventing property. 

[Embodiment 3] 

20 Tetramethoxysitane. 50 parts by weight. 2 -propane! . 300 parts by weight. 1 N nitric acid. 2.5 parts by weight and 
water. 30 parts by weight, were added to each other, and they were agitated at 50*0 for two hours. The solution was 
agitated and cured at 300*0 for one day, thereby causing an alkali shut-off film sol liquid to be obtained. 

Soda lime silicate glass plate (65mm x 150mm x 3mm) having its surface polished by a cerium oxide oriented pol- 
ishing agent, which is washed, further uftrasonicafly cleaned in pure water and dried, was immersed in the abovemen- 

25 tioned alkali shut-off film sol liquid and was lifted up at a rate of 30cm per minute to cause sol to be coated, thereafter, 
the glass plate was dried at a room temperature for several minutes and further treated at 500*0 for three hours, 
thereby causing a glass plate to be obtained, in which a flat silicon oxide thin film about 250 nm thick was formed. 

Next a description is given of a method lor making a fluorine atom doped titanium oxide film having dents and pre- 
lections on its surface. 

30 Ethanoi anhydride 300mL was divided into two equal parts, each containing 150mL Titanium teftraisoproxtde of 
42.6g and diethanolamine of I5.9g were added to one of them, and they were sufficiently agitated. Trifluoro acetate 
(TFA) of 0.23g was added to the other of them and is agitated. After two solutions were mixed and agitated, water of 
2.7g and polyethylene glycol of 3g (molecular weight«2000) were added thereto and agitated until a completely uniform 
solution was obtained, therdby causing a coating solution to be obtained. After the abovementioned flat silicon oxide 

35 film coated glass plate was immersed in the coating liquid, the same was 6ft ed up at a rate of 4.6cm per minute, wherein 
the glass plate was coated with the coating liquid, and was dried at a room temperature Furthermore, by baking the 
same glass plate at 550*0 tor one hour, an anatase type titanium oxide dent and projection film, 70nm thick, on which 
fluorine atoms are doped about 0 9 percent by weight, was obtained. 

The dents and projections on the surface of the anatase type titanium oxide f am were formed by polyethyleneglycol 

40 being eliminated from the flm when the same was baked at a temperature of 550*0. wherein the arithmetical mean 
roughness (Ra) was 35nm. and the mean interval (Sm) of dents and projections was 1 10nm. Furthermore, an SiO* 
nwiocomponent equivalent f ilm was formed by the same method as that described for Embodiment 2. A sample thus 
obtained was made D (Glass substrate/silicon oxide film/fluorine atom doped dent and projection titanium oxide 
f ilm/SiOx monocomponent equivalent film). The results of various kinds of anti-fogging and stain preventing perform- 

45 ance of sample D are shown in Table 2. wherein it is clear that sample 0 has an excellent anti-fogging and stain pre- 
venting performance. 

[Ernbodlmerit 4] 

so Soda erne silicate glass, 10cm square, on which a dent and projection siicon oxide flm about 100nm thick was 
coated by a sohgef method, was prepared as a substrate. The coating method of dent and projection silicon oxide flm 
is the same as that described for Embocfimertt 2. 

Ethanoi 75 parts by weight. 2-propanol 75 parts by weight, acethyi acetone 5 parts by weight titanium tetraisopro- 
poxide 1.3 parts by weight, and 6N nitric acid 0.3 parts by weight were blended and agitated at a room temperature for 

55 three hours, thereby causing a titanium oxide coating liquid to be obtained. The abovementioned dent and projection 
silicon oxide fim formed glass plate was immersed in the coating liquid and was lifted up at a rate of 20cm per minute, 
wherein the same was dried at 100*0 tor thirty minutes and further dried at 250*0 tar thirty minutes. Thereafter, the 
glass plate was baked in a 500*0 oven for one hour in order to make sample E (glass substrate/ dent and projection 
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silicon oxide film/ titanium oxide film) where an anatase type titanium oxide film about 15nm thick was formed on the 
dent and projection silicon oxide f im. The surface roughness was secured by the abovernentioned atomic force micro- 
scope, wherein Ba was 7nm and Sm was 20nm. It was found that no chang was produced in comparison with a state 
before a titanium oxide film was formed. 
5 The results of evaluation of various kinds of anti -togging and stain preventing performance of sample E are shown 

in Table 2. wherein it is found that the ami-fogging property and stain preventing property of sample E are excellent. 

{Embodiment 51 

io o. 1 N acetic acid 1 mL was added to a liter of ethanoi. Two grams of [methoxy (poiyethyleneoxy) Propyl] trimethox- 
ysilane (Chisso Co.. Ltd.. [SIM6492.7], content ratio: 90%. molecular weight. 460 to 590. ethylene oxide unit. 6 to 9) 
were added to a liquid of 798 grams, mainly composed of this ethanoi, and they were agitated at 30*C tor one hour to 
prepare a coating liquid. 

Sample E according to Embodiment 4 was immersed in the abovernentioned coating liquid and was lifted up at a 
is rate of 5cm per minute. Thereby, sample E was coated with the coating liquid. The coated sample E was dried at 1 20*C 
for thirty minutes, heat-treated and cooled down to a room temperature. Thereafter, sample E was lightly washed in 
pure water, wherein an organosilane layer (about 4nm thick) containing polyethylene oxide group in its molecules was 
formed. This sample was made sample F (glass substrate/dent and projection silicon oxide film/ titanium oxide film/pol- 
yethylene oxide group contained silane film). Furthermore, the arithmetical mean roughness (Ra) of the surface of the 
20 polyethylene oxide group contained silane film was 7nm, and the mean interval Sm of dents and projections was 20nm. 
The results of evaluation of various kinds of anti -fogging and stain preventing performance of sample F are shown 
in Table 2. ft was made dear that the anti-fogging sustainability of sample F is further improved than that of sample E 
and its anti-fogging property recovery is good in comparison with the comparison example. It is also clear that sample 
F has a good stain preventing property. 

25 

(Embodiment 6] 

Ethyl acetoacetate 1 part by weight was added to zirconium buthoxide 5 parts by weight and they were agitated at 
30 B C for two hours (Liquid A). On the other hand, separately, tetraethoxysilane 50 parts by weight, 2-propanol 1000 

30 parts by weight, IN nitric acid 2.5 parts by weight, and water 50 parts by weight were added to each other and they 
were agitated at 30*0 for two hours (Liquid B). Liquid A and liquid B were blended and agitated and cured at 50*0 for 
three hours and at 30 i C for one day, thereby obtaining an alkali shut-off film sol liquid. 

Soda lime silicate glass plate (65mm x 150mm x 3mm) having its surface polished by a cerium oxide oriented pol- 
ishing agent which is washed, further urtrasonically cleaned in pure water and dried, was immersed in the abovemen- 

35 ttoned alkali shut -off film sol liquid and was lifted up at a rate of 1 0cm per minute to cause sol to be coated. Thereafter, 
the glass plate was dried at a room temperature for several minutes and further treated at 500*0 for three hours. 
Thereby, a glass plate was obtained, in which a flat silica-wrconia thin film (silica. 92 percent by weight, ztrconia 8 per- 
cent by weight) about 30nm thick having no dent and projection. 

Fluorine atom doped titanium oxide film and SiO* mohocomponent equivalent film were formed by the same 

40 method as that described for Embodiment 2. This sample was made sample Q (Glass substrate/ flat silica-zircons film/ 
fluorine atom doped titanium oxide film/ SO x morKXX>mponent equivalent film). The quantity of doping fluorine atoms 
in the titanium oxide film was 0.38 percent by weight and the film thickness was about 60nm. The surface roughness 
was obtained by the abovernentioned atomic force microscope, wherein Ra was less than 0.2nm and Sm was 420nm. 
and the roughness was found to be flat. 

45 The results of evaluation of various kinds of anti-fogging and stain preventing performance of sample Q are shown 
in Table 2. On the basis of the results, it is clear that sample Q is excellent anti-fogging and stain preventing glass. 

[Embodiment 7] 

t 

so Soda lime silicate glass plate 65mm x 150mm x 3mm thick, on which a flat silica film (alkali shut-off film) about 
250mm thick is formed was prepared by the sol-gel method as a substrate. The coaling method of flat silica film is the 
same as that described for Embodiment 3. 

Ac ethyl acetone of I50.8g (1 .5mol) was gradually dropped, by using a buret, into titanium tetraisoproxide of 85.6g 
(0.3mol) while agitating the same. After they were agitated tor about one hour, ethanoi 710g was added thereto. Ethyl- 

55 triethoxysiane 4g was added to the liquid as an auxiliary dispersing agent, and triania colloid 80g having a grain size 
from 30 to 60 nm (Brand name; Tetania Sol CS-N, Ishihara Industries. Ltd.. solid contents: 30 percent by weight) was 
gradually dropped thereto by using a buret, wherein they were agitated for about one hour. Thus, a coating liquid for a 
dent and projection titanium oxide film was produced. 
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A glass ptate on which the abovementioned flat silica thin film is formed was immersed in the abcvementioned coat- 
ing liquid for a dent and projection titanium oxide IHm and was lifted up at a rate of 10cm per minute, wherein by baking 
the same at 500-C for three hours, titanium oxide thin film about 1 0Onm thick, consisting of anatase type crystals, was 
obtained The arithmetical mean roughness (Ra) and mean interval (Sm) of dents and projections were obtained by an 
5 atomic force microscope with respect to the surface of the titanium oxide thin film, wherein^ waMOnrnand Snvwas 
70nm. The sample thus obtained was made sample H (glass substrate/silica f ilmWent and projection titanium code 
fDm). 

The results of having evaluated the anti-fogging and stain preventing performance by the same method » that 
described for embodiment 1 are shown In Table 2. wherein it is clear that sample H is excellent anti-fogging and stan 
to preventing glass. 



(Embodiments] 
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An SiOx rnonocornponent equivalent film was formed on the surface of sanr»eH produced 
ment 7 by same method as that described tor Embodiment 2. The sample thus obtained was rnade sample I (glass 
substrate/siSca film/dent and projection titanium oxide filnVSiOx nrxjrwcomponent equwaJem ^ 

The results of having evaluated the anti-fogging and stain preventing performance by the 
described for embodiment 1 are shown in Tabla 2. wherein it is dear that sample I is excellent ant.-togg.ng and stan 
preventing glass. 

(Embodiment 9] 

A organosilane layer (about 4nkm thick) containing a polyethylene oxide group was formed on the surface of sam- 
ple (SS^SatenSt slfea-zirconia film /fluorine atom doped titanium oxide fim) betor. the SOx rnonocornponent 
equrvalent film produced in Embodiment 6 by the same method as that deacribedin Er^.marrt 5. 

Furthermore, by using a 500W high-voHage mercury temp, light was lrradl ^ a ^^^'^^^ 
tor 24 hours in order to oxidize the organosilane layer, and to convert the sama to an 

film. This sample was made sample J (glass substrate /flat s«ica-zkcon» Mm ^^™£P^ SKiST IS 
/SiO* mwwxanponent equivalent film). The arithmetical mean roughness (Ra) and mean interval (Sm) ofdents and 
p^e^^e^nXuSng an atomic force microscope with respect to thejsurtoce of the sample, wherem Ra 
was less than 0.2nm and Sm was 430nm That is. the sample surface was a flat surface. _ 

ThVSts of having evaluated the antj-fogging and stain preventing performance try** ™™™f^™** 
tJ^tot^ZZ 1 are shown in labial wherein it ia clear that sample J is excellent arrti-toggmg and stan 

preventing glass 
[Embodiment 10] 

Soda lime silicate glass plate 65mm x 150mm x 3mm thick, on which a flat silica film (alkali shut-off *M *»ut 
SOn^ek^m^was^apared by the so. gel 

by the method described for Embodiment 3. by using a Squd obta.ned by diluting an alkali shut-ofl sol descnbed m 
Embodiment 3 three times by weight with ethanol. -mna /ArJtr_l m gdfln*. 

Next a descrtotton is given of a method for making an trtamum oxide f Bm. Acethyl acetone (AcAc) oiZ4emL 
(24nXi1Suar*wod into titanium tetraisopropoxide (T. (OiPrfc) of 353mL (1.2mol). byuang a buratwhie 
a^SlSn were aSted for about one hour, wherein a stable TKAoAOrfOiPrfe complex actuhon was obtoned 
TS^lZSES* one hour. Ethanol 1398ml. was ^J^^^ZZ^^Z 
tated wherein a coating solution for uniform titanium oxide IHm was obtained. After the abcvementioned soda time s.1. 
cate oSs s^TcJwhich a flat silica film is coated was immersed in the coating liquid ^tnan^ o^mand 
Sid upby a rate of 32mm per minute and dried at a roomtamperalure tor thirty mnutes. an anatase type Manaim oxxie 
film about 60nm thick was obtained by baktog the same at 500«C for thirty J™** deacrlbad tor 

Furthermore. An SO* rrwnocomponent equivalent film was <^ £^mSSo£ 
Embodiment 2. The sample was made sample K (glass substrate/fiat sd.cate fimrtlal titanium oxide fitm/SO* mono 

""ZZZSSSI^ of various Kinds of anti-fogg^ and ^ P"^*"- ^^S^^ K JS£r 
in Table 2. wherein it is found that the anti4ogging property a^ stain preventing 

(Embodiment 11] 

Soda Kme silicate glass. 10cm square, on which a dent and projection silica film about 100nm thick was coated by 
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a sot-gel method, was prepared as a substrate. The coating method of dent and projection silica film is the same as that 
described tor Embodiment 2. 

A light catalyst coating liquid ST-K03 (tehihara industries, Lid., content ratio of titanium oxide fine particles, 5 per- 
cent by weight, and inorganic binder, 5 percent by weight), which is available in the market, was diluted tour times by 

5 weight by using ethanol. This liquid was coated to form a film on a glass plate, on which the dent and projection silica 
ftfm is formed, by using a spin-coating method (1,500 rpm. 10 seconds, liquid quantity. 4ml), and the glass plate was 
heat-treated at 500 for one hour, thereby causing a light catalyst thin film about 60nm thick to be formed. According 
to the resufts of chemical analysis, it was confirmed that this light catalyst thin fim is comprised of titanium oxide about 
SO percent by weight and sifca about 50 percent by weight 

w This sample was made sample L (glass substrate Merit and projection silicon oxide film/titanium oxide siBca oxide 
f Urn). As regards the surface of this sample, the arithmetical mean roughness (Ra) and mean interval (Sm) of dents and 
projections were obtained by using an atomic force microscope, wherein the surface thereof became a dent and pro- 
jection surface having Ra of 5nm and Sm of 23nm. 

The results of having evaluated the arrti -togging and stain preventing performance by the same method as that 

is described lor embodiment 1 are shown in Table 2. wherein it is clear that sample L is excellent anti -fogging and stain 
preventing glass. 

[Embodiment 12] 

20 Soda lime silicate glass plate 65mm x 150mm x 3mm thick, on which a flat silica film (alkali shut-off film) about 
80mm thick is formed was prepared by the sol gel method as a substrate. The coating of flat silica film was carried out 
by the method described for embodiment 10. 

Titanium oxide line particles dispersed fqutd having a diameter of about 10nm (Brand name: ST-K01. Ishihara 
Industries. Ltd., solid contents, 10 percent by weight, titanium oxide contents. 8 percent by weight). 2.7 parts by weight. 

25 ethanol, 1 95.3 parts by weight chain silica colloids having a diameter from 1 0 to 20nm and a length from 40 to 300nm 
(Brand name: Snowtex OUP, Nissan Chemical Industries, Ltd., solid contents, 15 percent by weight), 1.4 parts by 
weight and silicon tetrachloride, which is available in the market. 0.6 parts by weight were agitated at a room temper- 
ature for one hour, thereby obtaining a coating liquid for forming a light catalyst dent and projection film. 

The abovementioned glass plate having a flat silicon oxide film formed thereon was perpendicularly suspended in 

30 an environment where the temperature was 20 9 C and the relative humidity (RH) was 30%, wherein the glass plate was 
coated with the abovementioned coating liquid for forming a light catalyst dent and projection film by pouring the same 
from its top (Flow coating method). This glass plate was dried at 1 50*0 tor thirty minutes and was further heat-treated 
in a 400*0 oven for two hours, wherein a titanium oxide silica oxide dent and projection film about 60nm thick was 
formed. 

35 This sample was made sample M (glass substrate/dent and projection silicon oxide film/titanium oxide silica oxide 
film). As regards the surface of this sample, the arithmetical mean roughness (Ra) and mean interval (Sm) of dents and 
projections were obtained by using an atomic force microscope, wherein the surface thereof became a dent and pro- 
jection surface having Ra of Bnm and Sm of 23 nm 

The resufts of having evaluated the arrti -togging and stain preventing performance by the same method as that 

40 descrbed for embodiment 1 are shown in Table 2. wherein it is clear that sample M is excellent antt-fogging and stain 
preventing glass. . 

[Ernbodiment 13] 

«5 Soda lime silicate glass plate 65mm x 150mm x 3mm thick, on which a fluorine atom doped flat silica film about 

80mm thick is formed was prepared by the sol gel method as a substrate. The fluorine atom doped flat si lea film was 

formed by the following method. 

Tetramethoxysilane 50 parts by weight, ethanol 530 parts by weight. 2 -propane! 530 parts by weight. 1N nitric acid 

2,5 parts by weight, water 30 parts by weight and trrfkjoroacetate (TFA) 1.4g were added to each other and were agi- 
so tated at 50*C for two hours. Furthermore, they were agitated and cured at 30*C tor one day. Thereby, an alkali shut-off 

f flm sol liquid was obtained. 

Soda lime silicate glass plate ( 1 00mm x 1 00mm x 3mm) having its surface polished by a cerium oxide oriented pol- 
ishing agent which is washed, further uftrasonically cleaned in pure water and dried, was immersed in the abovemen- 
tioned alkali shut-off film sol liquid and was lifted up at a rate of 30cm per minute to cause sol to be coated thereon. 
55 Thereafter, the glass plate was dried at a room temperature for several minutes and further treated at 200*0 for three 
hours, whereby a glass plate was obtained, on which a fluorine atom doped flat silica film having fluorine doped 3 per- 
cent by weight to be about 90nm thick, was formed. 

A light catalyst film (titanium oxide silicon oxide) about 50 nm thick was formed on a glass plate having the fluorine 
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atom doped Hat silicon oxide film formed thereon, by the method described in embodiment 11. It was confirmed by 
Rutherford backscattering spectrography that fluorine which was presumed to be diffused from the fluorine atom doped 
fiat silicon oxide fdm was doped in this ight catalyst at a ratio of 0.1 percent by weight Furthermore. SiO x monooom- 
ponent equivalent layer was formed on this Tight catalyst flm by the method described in embodiment 2. 

5 This sample was made sample N (glass substrate/flat fluorine atom doped silica film/fluorine atom doped titanium 
oxide silicon oxide f inVSiOx monocomponent equivalent layer). As regards the surface of sample N, the arithmetical 
mean roughness (Ra) and mean interval (Sm) of dents and projections was obtained by using an atomic force micro- 
scope, wherein Ra was 1.2nm and Sm was 20nm 

The results of having evaluated the anti-fogging and stain preventing performance by the same method as that 

io described for embodiment 1 are shown in Table 2. wherein it is dear that sample N is exceftent anti-fogging and stain 
preventing glass. 

(Comparison examples 2. 3] 

i5 Soda lime silicate glass plate 10cm square, which was used in embodiment 1 . was made sample N as it is without 
any treatment, wherein various kinds of anti-fogging and stain preventing performance were evaluated, and the results 
thereof are shown in Table 2 (Comparison example 2). 

A glass substrate having a sfltea dent and projection film formed thereon, which was obtained in embodiment 2. 
was made sample P without any treatment thereafter, wherein various kinds of anti-fogging and stain preventing per- 

20 formance were evaluated, and the results thereof are shown in Table 2 (Comparison example 3). 
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15 INDUSTRIAL UNITIZATION 

The present invention is suitable to be applicable as an anti-logging and stain-prevented glass article, in particular 
as an anti-togging and stain-prevented glass plate lor automobile and buildings and an ant- fogging and stain-prevented 
glass article for glasses, mirrors, lenses, showcases, etc. 

20 

Claims 

1 . An arrti -fogging and stain-prevented glass article having an alkali shut-off film and a light catalyst film laminated in 
the order on the surface of a glass substrate and having dents and projections formed on the surface of the light 

25 catalyst film, which have an arithmetical mean roughness ( Ra) from 1 .5 to 80nm and a mean interval (Sm) of dents 
and projections from 4 to 300nm. 

2. An ant-fogging and stain-prevented glass article as set forth in claim 1 , wherein an organic substance adhesion 
preventing layer is further formed on said light catalyst film. 

30 

3. An anti-fogging and stain-prevented glass article as set forth in claim 2, wherein said organic substance adhesion 
preventing layer is a silicon oxide layer, or a layer of organosilane or its hydroryzed substance containing, in its mol- 
ecules, at least one Wnd of functional group selected from groups consisting of polyalkyleneoxide group, alkyl 
group, akenyl group and aryl group. 

35 

4. An anti-togging and stain-prevented glass article as set forth in claim 3, wherein said organic substance adhesion 
preventing layer has a mean number of molecules from 0.5 to 5 in its thickness direction. 

5. An anti-logging and stain-prevented glass article as set forth in any one of claims 1 to 4. wherein said dents and 
40 projections are formed by surface dents and projections of said alkali shut-off film. 

6. An ant-logging and stain-prevented glass article as set forth in any one of claims 1 to 4. wherein said dents and 
projections are formed by surface dents and projections which said light catalyst film itself on the alkali shut-off film 
free from any surface dent and projection has. 

45 

7. An anti-togging and stain-prevented glass article as set forth in any one of claims 1 to 6. wherein said light catalyst 
film contains titanium oxide at a ratio of 1 0 or more percent by weight. 

a. An anti-togging and stain-prevented glass article as set forth in claim 7, wherein said light catalyst film consists of 
so titanium oxide. 

9. An anti-togging and stain-prevented glass article as set forth in claim 7 or 8. wherein said light catalyst film further 
contains fluorine atoms. 

55 10. An anti-togging and stain-prevented glass article as set forth in claim 9. wherein said light catalyst film contains said 
fluorine atoms at a ratio of 0.002 to 1 percent by weight. 

1 1 . An anti-togging and stain-prevented glass article as set forth in any one of claims 1 to 1 0, wherein said light catalyst 
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film has a thickness from 1 0 to SOOnm. 

12. An ant-togging and stain-prevented glass article as set forth in any one of claims 1 to 1 1 . wherein said alkali shut- 
off 11m consists ol at least one kind of metal oxide substrate; which is selected from a group consisting of silicon 
oxide, aluminium oxide, titanium oxide, zirconium oxide, and cerium oxide. 

1$. An anti -togging and stain-prevented glass article as set forth in any one of claims 1 to 12, wherein said alkali shut- 
off film is a film mainly composed of sfl'con oxide. 

14. An anti-togging and stain-prevented glass article as set forth in any one of claims 1 to 13, wherein said alkaJi shut- 
off film has 8 thickness from 10 to 300nm. 

15. An anti-foggtng and stain-prevented glass article as set forth in any one of claims 1 to 14. wherein said alkali shut- 
off film contains fluorine atoms. 

16. An anti-togging and stain-prevented glass article as set forth in claim 15, wherein said alkali shut-off film has fluo- 
rine at a ratio from 0.002 to 10 percent by weight. 

17. An anti-togging and stain-prevented glass a/tide having an alkali shut-off film, a light catalyst film, and a silicon 
20 oxide layer or an organic substance adhesion preventing layer composed ol a layer of organosilane including at 

least one kind of functional ojoup selected from polyalkyleneoxide group, alkyi group, alkenyi group and aryl group 
in its molecules or its hydrolyzed substance, laminated in the order on the surface of a glass substrate. 

18. An anti-togging and stain-prevented glass article as set forth In claim 16, wherein said organic substance adhesion 
25 preventing layer has a mean number of molecules from 0.5 to 5 in its thickness direction. 

19. An anti-togcjng and stain-prevented glass article as set forth in claim 17 or 18. wherein the surface of said glass 
article has dents and projections, the arithmetical mean roughness (Ra) of which is 1.5 to 80nm, and the mean 
interval (Sm) of dents and projections of which is from 4 to 300nm. 

20. An anti-togging and stain-prevented glass article as set forth in claim 19. wherein said dents and projections are 
formed by surface dents and projections of said alkali shut-off film. 

21. An anti-togging and stain-prevented glass article as set forth in claim 19. wherein said dents and projections are 
35 formed by surface dents and projections which said light catalyst f 3m itself on the alkali shut-off film free from any 

surface dent and projection has. 

22. An anti-togging and stain-prevented glass article as set forth in any one of claims 17 to 21 . wherein said light cat- 
alyst film contains titanium oxide at a ratio of 10 or more percent by weight. 

23. An anti-togging and stain-prevented glass article as set forth in claim 21 . wherein said Tight catalyst <im consists of 
titanium oxide. 
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24. An anti-togging and 'stain-prevented glass article as set forth in claim 22 or 23. wherein said light catalyst f Mm fur- 
45 ther contains fluorine atoms. 

25. An anti-togging and stain-prevented glass article as set forth in deim 24. wherein said light catalyst film contains 
fluorine atoms at a ratio from 0.002 to i percent by weight. 

so 26. An anti-togging and stain-prevented glass article as set forth in any one of claims 17 to 25. wherein said light cat- 
alyst tarn has a thickness from 10 to SOOnm. 

27. An anti-togging and stain-prevented glass article as set forth in any one of claims 1 7 to 26. wherein said alkali shut- 
off film consists of at least one kind of metal oxide substance which is selected from a group consisting of silicon 

55 oxide, aluminium oxide, titanium oxide, zirconium oxide and cerium oxide. 

28. An anti-togging and stain-prevented glass article as set forth in any one of claims 1 7 to 27, wherein said alkaJi shut- 
off f 8m is a film mainly composed of silicon oxide. 
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29. An anti-fogging and stain-prevented glass article as set forth in any one of claims 1 7 to 28, wherein said alkali shut- 
off film has a thickness from 10 to 300nm. 

30. An arrti-fogging and stain -prevented glass article as set forth in any one of claims 17 to 29, wherein said alkali shut- 
off film contains fluorine atoms. 

31. An ami-fogging and stain-prevented glass article as set forth in said 30, wherein said alkali shut-off film contains 
said fluorine atoms at a ratio from 0.002 to 10 percent by weight. 
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